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ABSTRACT 
This report presents a suggested procedure for the 
collection of data on mechanical properties of structural 
steels. The study is a part of the research project, "Load 
Factor Design for Steel Buildings", which is a supplementary 
investigation to AISI S&P Engineering Subcommittee Project 
163, at Washington University, St. Louis, to explore the 
philosophy and methods of structural design of steel 
buildings based on limit states of carrying capacity and 
performance. 
The objective of this report is to identify the 
data to be collected and to propose a storage system 
suitable for the ·statistical evaluation and data processing 
using the computer. 
In the suggested procedure, the information will 
be stored using two computer cards. The first card will 
be punched with the data related to the material.source 
and the geometrical properties of the specimen. The second 
card will be used for entering the significan_t mechanical 
properties. 
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l. INTRODUCTION 
When design methods. are based on statistics and 
probability then the mechanical properties of the 
structural material become significant statistical 
variables. As a consequence a need develops for the 
systematic collection and analysis of available data as 
determined "in the laboratory". 
At present load factor design is being developed 
for steel buildings. (l) The present study follows after 
a prior investigation of the application of load factor 
design to bridges. (2 ) 
In load factor design there is the opportunity 
to consider loading and resistance as separate functions, 
each subject to statistical variation. In such a case, to 
. 
enable the proper analysis of the resistance function, the 
data on the variation of mechanical properties of structural 
steels are required. The sample of data must be as large 
as possible to permit the most reliable inference, therefore, 
• 
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it is recommended that all of the available and pertinent 
evidence be incorporated in the study. 
The purpose of this report is to propose a 
procedure for collection of relevant data on mechanical 
properties of structural steel. The future statistical 
analysis of a large population of such data using an 
electronic computer is considered. 
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2. DATA COLLECTION 
2.1 Procedure for Collecting Data 
1. Two cards are required for storing all the 
information pertaining to one specimen. See 
Figs. 5 and 6. 
2. The first seven columns in both cards are 
reserved for identification of the input data. 
3. If data are not available, the corresponding 
spaces in the cards shall be left bland. 
4. The Fortran Format for the input is summarized 
in Tables 1 and 2. In Figs. 5 and 6 an example 
is given. 
5. The basic information will be obtained from 
tension tests made mainly on ASTM standard 
specimens for structural steels. ( 3 ) 
2. 2 Data to be Collecte"d 
To facilitate later statistical evaluation, the 
following main items will be collected (See Tables 1 and 2 
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for description of data to be included in the computer cards) : 
1. Data Processing Identification: 
Identification numbers will be assigned to 
all sources of data which will be collected for 
processing. 
2. Source of Steel: 
It is necessary to identify the manufacturer, 
steel grade, and heat number. 
3. Agency: 
Table 1 identifies the agency and the test 
according to laboratory, project number, test 
number, and report number. 
4. Designation of Specimen and Testing Procedure: 
The designation shall include the specimen 
number, description of test method, member from 
which the specimen was cut, and location of specimen. 
5. Geometry of Test Specimen: 
!~ems to be included are the thickness, width, 
and gage length. 
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6. Mechanical Properties: 
The scope is specified in Table 2 and the 
definitions are given in the Appendix. 
2.3 Sources of Information 
·It is planned that the main body of data on 
the mechanical properties of structural steels will be 
obtained from the Fritz Engineering Laboratory. However, 
it is hoped that the system will facilitate the inclusion 
of available information from other laboratories as well. 
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3. SUMMARY 
A procedure is ·described in this report for 
collecting data on mechanical properties of structural 
steels which will be of use in developing the load factor 
design of steel buildings. 
1. The data corresponding to each available 
specimen will be punched on two computer 
cards in order to allow future statistical 
evaluation of.any population of data. 
(Tables 1 and 2). 
2. The data consist of identification of the 
source of the steel, agency, designation 
of specimen, and test procedure, and the 
geometrical and mechanical properties. 
3. The format for each input data is specified 
and illustrated with an example. (Figs. 5 
and 6) 
371.3 -7 
4. ACKNOWLEGEMENTS 
This report has been carried out as a part of 
the Civil Engineering research project on "Load Factor 
Design for Steel Buildings" being conducted at Fritz 
Engineering Laboratory, Department of Civil Engineering, 
Lehigh University. Dr. L. s. Beedle is the director of the 
Laboratory and Dr. D. A. VanHorn is chairman of the 
Department of Civil Engineering. The project is sponsored_ 
by the American Iron and Steel Institute and is a 
supplementary investigation to AISI S&P Engineering 
Subcommittee Project 163, at Washington University, St. 
Louis. 
The supervision and encouragement of the Project 
Director, Dr. L. s. Beedle, during the preparation of this 
report is gratefully acknowledged. Special thanks are due 
to Dr. G. Driscoll, Dr. R. Slutter, Dr. L. Tall, and Dr. 
B. T. Yen for their review of the report and very helpful 
suggestions. Thanks are also due to Miss Shirley Matlock 
and Miss Joanne Mies for their care in typing the report 
and Mr. John M. Gera for preparing the drawings. 
371.3 -8 
5. APPENDIX 
5.1 Symbols 
E Young's Modulus 
E 
stl strain-hardening modulus (see Fig. 3) 
E 
st2 strain-hardening modulus (see Fig. 3) 
E 
st3 strain-hardening modulus (see Fig. 3) 
e 
· st strain at initial strain-hardening 
(]f fracture stress 
au tensile strength (ultimate strength) 
(] 
. uy upper yield stress 
(] 
.yd dynamic yield stress 
(] ys statid yield stress. (see Fig. 1) 
%El percent elongation (in gage length) 
%R.A. percent reduction in area 
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5.2 Definitions 
1. Dynamic Yield Stress (Fig. 1): 
The average stress during actual yielding in 
the plastic range, which remains fairly constant, 
provided the strain rate remains con:stant. (G) The 
strain rate must be specified. 
2. Fracture Stress: 
The true normal stress on the minimum cross 
sectional area at the beginning of fracture. ( 3 ) 
3. Percent Elongation: 
The increase in gage length of a tension test 
specimen, usually expressed as a percentage of the 
original gage length. ( 3 ) 
4. Percent Reduction of Area: 
The difference between the original cross 
sectional area of a tension test specimen and the area 
5. Static Yield Stress Level (Fig. 1): 
The static yield stress level crys js the average 
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stress during actual yielding in the plastic range at 
zero strain-rate. This stress remains fairly constant. (6 ) 
When the stress is not constant, it· is taken as the 
stress corresponding to a strain of 0.5 per cent ("Total-
Extension-Under-Load Method"). As shown in the inset of 
Fig. 1 for a structural steel without a flat plateau, 
this value is also observed at a strain of 0.5% . 
. 6. Strain-Hardening Modulus Est (Fig. 3): 
(1) Estl is the instantaneous value obtained 
from·a tangent to the curve at the point where strain-
hardening commences (See Fig. 3a). 
(2) Est2 is given by the slope of the chord 
.between strains +0.003 and +0.010 from strain· hardening· 
(See Fig. 3b) • 
(3) Est3 is the average value in an increment 
of 0.005 in/in strain after the onset of strain-
hardening (See Fig. 3c). 
7. Strain-Hardening Strain: 
The magnitude of the strain at.initial strain-
hardening; represented by e t in Fig. 1. 
. s 
., 
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8. Tensile Strength: 
The maximum tensile stress which a material 
is capable of sustaining. (It is calculated from the 
maximum load during a tension test carried to rupture 
and the original cross sectional area of the specimen.( 3 )) 
9. Upper Yield Stress - See "Yield Point" 
10. Yield Point (Fig. 1}: 
The first stress in a material, less than the 
maximum attainable stress, at which an increase in 
strain occurs without an increase in stress. ( 3 ) 
11. Yield Strength (Fig. 4): 
The stress at which a material exhibits a 
specified limiting deviation from the proportionality 
of stress to strain. The deviation is expressed in 
• . ( 3) 
terms of strain. 
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TABLE 1 DATA TO BE COLLECTED IN CARD 1 
1. Data Identification 
(1) Identification 
Number 
(2) Identification 
of Card 
2. Source of Steel 
(1) Manufacturer 
·Description ···I column· 
This first number shall 1-6 
be from 1 to 999,999. 
Each laboratory will 
have available 
· 10,000 numbers for 
identifying its cards • 
. Example: 
Fritz Laboratory 1 to 10,000 
ABC Company 10,001 to 20,000 
. . 
. . 
. . 
This second number shall 
be 1 or 2. 
Number 1 will correspond 
to card 1 of data for each 
specimen. 
Identification of 
manufacturer by 
numbers 
U.V.W. Company 1 
X.Y.Z. Company 2 
. 
. 
. 
7 
8-9 
-12 
Fortran 
Format 
I6 
Il 
I2 
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(2) Steel Grade 
(3) Heat Number 
3. Agency 
(1) Laboratory 
TABLE 1 CONTINUED 
Description Column 
A suitable designation 10-12 
is given to each steel. 
A suggestion is given 
below. 
ASTM A7 01 
ASTM A36 02 
ASTM A373 03 
ASTM A242 04 
ASTM A440 05 
ASTM A441 06 
ASTM A514 07 
ASTM A572(Grade 65) 08 
ASTM A588 09 
. . . 
. . . 
. . . 
This number is given by 13-22 
the manufacturer to 
identify the ingot 
This number shall be 23-25 
assigned to identify the 
laboratory conducting the test 
Laboratory X: 1 
Laboratory Y: 2 
-13 
Fortran 
Foi'!Tlat 
I3 
AlO 
!3 
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TABLE 1 CONTINUED 
Fortran 
Description Column Foi"!TTat 
(2) Project Number 26-30 AS 
(3) Test Number 31-34 A4 
(4) Report Number 35-40 A6 
4. Designation of Specimen and Test Procedure 
(1) Specimen Number 4;1.-46 A6 
(2) Description Identification Number 47-50 I4 
of Test 1 ASTM method described 
Reference 3 pp. 5-18 
2 
. . 
' 
. . 
. . 
(3) Shape of No. Section 51-54 I4 
Member from 1 Wide Flange 
which the 2 Light Beams 
specimen was 3 Channels 
·cut . . 
. . 
. . . 
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TABLE 1 CONTINUED 
Fortran 
Description Column Format 
(4) Location No. Specimen fabricated 55-58 I4 
from 
1 Web 
2 Flange 
3 Plate 
. . 
. . . 
. . 
J 
5. Geometry 
(1) Thickness In Inches 59-64 F6.3 
(2) Width In Inches 65-70 F6.2 
(3) Gage Length In Inches 71-76 F6.2 
· ( 4) Diameter In Inches 77-80 F4.2 
(if round specimen) 
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TABLE 2 DATA TO BE COLLECTED IN CARD 2 
Description 
1. Data Identification 
(1) Identification This number shall be 
Number the same in both 
cards for each 
specimen. 
(2) Identification This second number 
of Card shall always be 2 
for Card 2 
2. Mechanical Properties (See Figs. 1 thru 4) Symbols 
(1) Yield. Point (Jyu 
( 2) Dynamic Yield Stress (Jyd 
( 3) Static Yield Stress Level (at 0.5% of Strain) 
ays 
(4) Yield Strength (Jy2 
(5) Mill Yield Stress (Jym 
(6) Tensile Strength au 
(7) Fracture Stress (Jf 
(8) Strain-Hardening Strain 
·est 
(9) Elongation (%) · %El 
(10) Reduction of Area (%) %R.A. 
(11) Strain-Hardening Modulus Estl 
Est2 
Est3 
I Fortran Column . Format 
1-6 I6 
7 Il 
8-12 F5.1 
13-17 F5.1 
18-22 F5.1 
28-32 F5.1 
33-37 F5.1 
38-42 F5.1 
43-47 F5.1 
48-52 F6.5 
53-57 F5.2 
58-62 F5.2 
63-67 F5.o 
68-72 F5.o 
73-77 F5.o 
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100 
80 
0" 
ksi 
60 
40 
20 
0 
-17 
€y = O"y51E = 0.0021 in./in. Est 
O"yu =66.7 ksi 
[ <Tyd =64.6 ksi 
T 
Uys 
CTksi 
--CTys 
·o 0.5xi0-2 E, in./ in. 
0.5 1.0 1.5 2.0 2.5 X 10-2 . 
~, in./ in. 
Fig. 1 Diagramatic Stress-Strain Curve for A572 
(Grade 65} Steel (With·Strain-Hardening) 
'.4 
. , 
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100 
(T 
ksi 
60 
40 
20 
0 0.05 0.10. 0.15 0.20 
E, in./in. 
Fig. 2 Complete Stress-Strain Curve for 
·A572 (Grade 65) Steel.· 
... 
. ' .. :: .. ~. . ~~ .... - : , .. ' \ :l, • : 0 {' o• (' o • <'"·;• , ·, .r,: ', 0 • .."( ' J.. I 
~ :r.:t . .. . '.:·~ _:: .. : · .. ·.: .. ··"'~ ;·_; :~ 
-18 
0.25 
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Modified Onset 
of 
- ....... 
' 
E 
Tangent Drawn 
by Eye 
0.003 
0.005 
0.007 
··~-Fig. 3 Sketch Defining E~tl' E5 t 2 and E5 t 3 
-19 
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100 
(J. 
KSI 
60 
40 
·0 
0.2 °/o Offset 
0.1 0.2 
/ 
I 
I 
0.3 
E , lN./IN. 
0.4 
Fig. 4 Stress-Strain Curve for Continuously 
Strain-Hardening Material. Yield 
Strength Determined by Offset Method 
and by Total Strain Method. 
-;' 
-20 
0.5 °/o 
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Data to be 
-Punched c E 
~ See table 
.... 
0 
I LL. 
0 Data 
tD 001970 I6 Indication of specimen Processing 
...... 
0 Identification 
I :X: I Flr•t Cord 
-
I I2 Manufacturer (U.V.W. Co.) 
-
I I3 Steel grade (ASTM A7) 
Material 
N 
en 126 X 133 AIO Heat number Source 
01 3 I3 Laboratory 
01 
~ 343 A5 Project number 
01 
0 10.1 A4 
Agency 
Test number 
01 
~ 
343.21 A6 Report number 
N 
N 
c 20.20 A6 Specimen number 
N 
0 
2 I4 Description of test method Designation 
N 
.... 
Shape of member from which the specimen of Specimen 3 I4 
was cut 
2 I4 Location of specimen (flange) 
N 
c..n 
N 
.527 F6.3 Thickness 
· (in.) 
...... 
Geometrica I 
1.50 F6.2 Width Properties 
c..n 
of Specimen 
00 
. 
0 
8.02 F6.2 Gage Length (in.) 
N 
F4.2 Diameter . 
Fig. 5 Card 1 {Example) 
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Data to be 
-Punched 0 E 
""-
See table .. 0 
2 lL.. 
0 
<D 
..... 
001970 I6 Identification of specimen Data Processing 
N 2 II Second card Identification 
en 
..... 67.1 ksl F5.1 Yield point 
en 
<.11 65.1 ksi F 5.1 Dynamic yield stress 
en 
N 62.5 ksi F5.1 Static yield stress level 0.5°/o strain) 
<.n 
en 
"" . 
63.5 ksl F5.1 Yield Strength 
<.11 
..... 
U'l 75.5 ksl F5.1 Mill yield stress 
U'l 
CD 
~ 84.5 ksl F5.1 Tensile strength 
U'l 
0'> 
0'> 
en 
66.6 ksl 
Mechanical 
F5.1 Fracture stress Properties 
<D .01944 F6.5 Strain- hardening strain 
~ 
~ 
N 
U'l 
0 
25.05% F5.2 Elongation ( 0/o) 
<.11 
~ 
..... 
. 
0 
47.00°/o F5.2 Reduction of area (o/o) 
N 
"" en 
_c:: 
2360 ksi F5.0 · Est1 
U'l 
<.11 550 ksi F5.0 Est2 
"" ~
734 ksi F5.0 Est lS 
. 
Strain rate in plastic range 
.) 
Fig. 6 Card 2 (Example) 
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